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Numerous investigators during the past thirty years have conclu- 
sively demonstrated that in cutaneous vaccinia of experimental animals 
lesions of the disease may be generalized throughout the organism. 
Animal inoculations with histological studies of the different organs 
from an infected animal have established that, besides the manifesta- 
tion of a local cutaneous lesion, the virus is quite generally distributed 
during the course of the disease. 
It is not intended in this report to review the extensive literature 
which  exists  on  this  subject.  Several  excellent  recent  reviews,- 
those by Sobernheim (1),  Arnold (2),  Gins  (3)  and LiUie and Arm- 
strong (4),--can be referred to by those interested in this aspect of the 
subject. 
We wish herein to present our observations on the behavior of vac- 
cine virus when inoculated on the chorio-allantoic membrane of the 
developing chick with special reference to the distribution of the virus 
throughout the embryo itself.  In the course of our investigations on 
the use of the embryonic membranes of the chick for the propagation 
of the virus of vaccinia (5, 6) it was frequently noted that macroscopic 
lesions occurred in the liver and spleen of chick embryos thus infected. 
It  was  also  observed that  an  occasional  chick which  survived  the 
infection longer than 3 or 4 days developed a generalized eruption of 
the skin. 
This led to the investigation of the distribution of the virus through- 
out the organism of the embryo and to a  histopathological study of 
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the lesions in the different organs.  Since vaccine virus can be easily 
propagated in pure culture in the chick embryo (5) it seemed that such 
a  study would be of special interest. 
The Distribution of Vaccine Virus in the  Various Organs of the Chick 
Embryo 
A large number, usually 24 to 30, 14 day old, chick embryos were inoculated on 
the  chorio-allantoic membrane by the method described  elsewhere  (6).  Small 
pieces of membrane previously infected with a strain of dermal vaccine which had 
been propagated in pure culture in the membrane through 100 generations were 
used as inoculum.  As very few embryos survive the infection following the method 
of inoculation longer than 72 hours, all those which were still living at the end of 
this period were aseptically removed from the egg.  The membranal lesion was 
first removed to lessen contamination of the embryo from this source.  The organs 
from at least 10 or 12 infected embryos were used for each experiment.  They were 
carefully removed and kept in separate sterile containers to prevent cross-contami- 
nation as much as possible.  At the 72 hour period the liver and spleen  of all 
embryos showed definite evidences of involvememt by the presence of macroscopic 
areas of focal necrosis.  The liver, spleen, kidneys, heart, brain, gastro-intestinal 
tract, bone marrow represented by the femurs, large areas of skin over the back 
and the membranal lesions  were removed and the individual organs and tissues 
pooled in separate sterile containers.  These specimens were then carefully washed 
in saline and ground finely in separate sterile mortars.  From the ground pulp 
dilutions by volume of 1-100,  1-1000,  1-10,000,  1-30,000 and 1-50,000 were set 
up in sterile saline.  From each dilution of the various organs 0.2 cc. was inoculated 
into an area 2.5 cm. square on the shaved and scarified rabbit skin. 
The results from several of such experiments were remarkably uni- 
form and the following tabulation  represents averages thus obtained. 
Organs 
Membrane  ........................ 
Liver ............................. 
Spleen ............................ 
Bone  marrow  ...................... 
Skin .............................. 
Gastro-intesfinal  tract  .............. 
Kidney ........................... 
Heart  ............................. 
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These results show that in the infected chick embryo the virus is 
distributed throughout the entire organism.  It is of interest to note 
that the liver possesses  the highest titratable infectivity.  Whether 
there is quantitatively more virus in the liver than in the membranal 
lesion is difficult to determine because the liver tissue is so much more 
readily ground up finely than the membrane.  A better dispersion of 
the virus in the higher dilutions of the parenchymatous organs may be 
expected.  The  bone  marrow  also  shows  itself to be  rich  in  virus. 
There is nd definite evidence for a predilection of the virus for the skin. 
It is also quite noteworthy that very little if any virus was found in the 
brain tissues.  Such virus as was present could be accounted for as 
being contained in the blood in that organ.  The titration of the heart 
tissue reveals a fair amount of virus present in this organ, and as will be 
seen from the histological study this represents an actual infection and 
is not to be accounted for altoge~er by the presence of the virus in the 
blood stream. 
The quantitative relationship of the dispersion of the virus through- 
out the various organs as is roughly estimated by these experiments 
seems to indicate that mechanical or physical factors mainly determine 
the amount of virus distributed to the various organs.  The severity 
of the  resulting infection is  evidently further determined by direct 
access to and the ability of the virus to multiply in the cells of the 
various organs. 
The Pathology of Generalized Vaccinla  in the Chick Embryo 
Methods 
Sixty 12 day old chick embryos were inoculated on the chorio-aUantoic  mem- 
brane with a dermal strain of virus which had been passed in pure culture in the 
membrane through 100 generations.  At 24 hour intervals 2 or more embryos 
were removed from the eggs.  The younger embryos up to 15 days of age were 
fixed in toto.  The organs from embryos older than this were removed separately 
and fixed in Zenker's solution (10 per cent acetic acid) and in corrosive sublimate 
alcohol mixture (Gins (7)).  Gross  pathological  descriptions of all the organs were 
carefully recorded.  The tissues were embedded in paraffin, stained with hema- 
toxylin and eosin, cleared in xylol  and mounted in balsam.  It was found that 
the tissues fixed in corrosive sublimate and alcohol gave the most satisfactory 
results.  The cellular and intracellular structure of the tissues fixed  in this manner 
could be  excellently demonstrated when stained with  hematoxylin and eosin. 
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In this way a series of infected embryos was collected and sectioned,  represent- 
ing daily stages in the disease from the 1st through the 7th day after inoculation. 
Smears were also made from the lesions  in the various organs and stained  by 
the Morosow technique  (8) in an effort to demonstrate the presence of Paschen 
corpuscles. 
Gross and Microscopic Pathology of the Lesions in the Various Organs 
of the Chick Embryo 
Liver.--At 24 hours the liver shows very little change except  a slight  swelling 
and a deeper red color than normal.  At the end of 48 hours it is definitely enlarged, 
usually somewhat darker in color than normal; and close observation will  show 
numerous very fine pin-point yellow areas.  The organ enlarges rapidly  so that 
at the end of 72 hours it is almost twice the normal size.  The yellow areas enlarge 
to pin-head size and are thickly scattered over the entire surface of the organ. 
These areas are seen to be slightly depressed below the surrounding surface and 
apparently represent actual loss of liver substance.  At the end of 4 days there is 
usually little change in the gross appearance of the organ except that the majority 
at this stage show evidences of biliary obstruction.  They are usually dark green 
in color and quite swollen.  From the 4th day to the 7th day, there is a diminution 
in the number of areas of yellow discoloration, although several large areas repre- 
senting a  confluence of smaller areas of necrosis persist.  These areas gradually 
become quite pale in color.  In those embryos which survive longer than 5 days 
there is no evidence of biliary obstruction,  the liver returns  to normal size and 
only a few large areas representing focal necrosis persist, the rest of the organ taking 
on a more normal appearance. 
Microscopically at the end of 24 hours the liver shows cloudy swelling of all  the 
parenchymal cells.  The periportal vessels  are dilated and filled with blood; the 
liver sinuses also appear to be more widely dilated than normally.  Around the 
blood vessels  are seen small accumulations of large mononuclears and here and 
there  in  the neighborhood of these  cells,  the parenchymal cells  are undergoing 
degenerative  changes.  At 48  hours  the  microscopic lesion has  advanced  con- 
siderably.  The entire organ is studded with focal areas of necrosis which are found 
adjacent to the larger blood vessels.  There are numerous areas of extensive hemor- 
rhage  into  the  parenchymal  tissue.  The  focal  areas  are  characterized  by  a 
coagulative type of necrosis of the cytoplasm of the parenchymal cells; the nuclei 
are  pyknotic and  fragmented.  Into these  areas  numerous  large  round  mono- 
nuclears which have large round deep staining nuclei and a large amount of baso- 
philic cytoplasm have accumulated.  Polymorphonuclear leukocytes are exceed- 
ingly  rare.  At  this  time  at  the  periphery  of  these  necrotic  loci  within  the 
cytoplasm of the  more intact  cells,  inclusions  resembling  Guarnieri  bodies  are 
seen in large numbers.  They range in size from very small granules to large tri- 
angular masses lying next to the nucleus.  With hematoxylin and eosin they stain 
slightly basophilically and have a  distinct  purplish  red cast.  By 72 hours the G.  j.  BVDDmOH  231 
necrotizing  process  has advanced considerably,  with only the  centers  of  the lobules 
containing cells  which appear fairly  normal.  Necrosis  of  the cells  in the center  of 
the loci  is complete, only nuclear fragments and masses of coagulated cytoplasm 
being present.  The infiltration  of large mononuclears is much more abundant. 
Cytoplasmic inclusions  in  the  cells  at  the  periphery  of  these  areas  are  still  abundant. 
There is considerable  free  hemorrhage into the parenchymal tissues,  the walls  of 
the blood vessels  are swollen,  the endothelial  lining  is  irregular  in outline  and the 
connective tissue  cells  of the vessel  walls  arc fragmented.  At this  stage there  is 
also  marked necrosis  of the epithelial  cells  of the biliary  system; occasional  cyto- 
plasmic inclusions  can be found, and accompanying this  necrosis  there  is  a begin- 
ning  proliferation  of  these  cells. Involvement of  the  Kupffer cells  is  not  observed. 
At 96 hours there  is  a marked diminution in the size  of the necrotic  areas.  Much 
of the coagulated cytoplasmic material and nuclear remains has disappeared and 
only a fine  network of liver  stroma is  present.  Around these  areas there  is often 
a zone of pale  staining  parcnchymal cells  which show only a cytoplasmic outline 
and a pale  staining  nucleus.  Regeneration of the parenchymal cells  is  evidenced 
by numerous mitoses.  Inclusions in the cytoplasm are very rarely seen.  In 
most sections,  at this  stage,  the striking  characteristics  are the large  islands  of 
rapidly  proliferating  epithelial  cells  of the  bile  ducts.  They extend as  large  sheets 
and cords into the lobules. This evidently  accounts for the evidences of biliary 
obstruction  observed in the livers  in the gross  at this  stage.  From the 4th to the 
7th day the  process  is  one mainly of  regeneration.  The parenchymal cells  become 
more normal in appearance and arrangement.  The necrotic  areas  are replaced 
by normal tissues  and only a few areas at the periphery of the organ remain in 
which evidences of a preexisting  lesion  are  present.  Here the loci  of pale  staining 
cells  with large  nuclei  and distinct  cytoplasmic outlines  persist. There is  a small 
amount  of proliferation of connective tissue in these areas suggesting scar 
formation. 
Spleen.--At the end of 24 hours after  inoculation  the spleen shows no abnor- 
malities  other  than a slight  swelling. By 48 hours there is marked enlargement 
and numerous small  yellow foci  are scattered  over the entire  surface  of the organ. 
At 72 hours the yellow areas  have greatly  increased  in size  and appear as  irregular 
nodules over the surface. The entire  organ is  at least  twice  the normal size.  In 
several instances  areas  of hemorrhage are observed under the capsule.  By the 
4th  day the  swelling  of  the  organ  is  subsiding;  the  focal  necrotic  areas  are  diminish- 
ing  in  size. Most of  the spleens  removed from embryos after  5 and6 days appear 
quite  normal except for a slight  swelling.  In a few spleens  one or two large  areas 
of focal  necrosis  persist. 
Microscopically at the end of 24 hours the spleen  shows very little  evidence of 
infection.  There is widening of the sinusoids  and an occasional  small collection 
of large mononuclears, around the vessels. Degeneration  of small microscopic 
loci of cells  evidenced by a granular pale staining cytoplasm and somewhat 
shrunken nuclei  can be observed.  At the 48 hour stage  there  is  a diffuse  involve- 
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celhdar cytoplasm is coagulated; the nuclei are pyknotic and fragmented.  These 
areas are most advanced around the periphery of the blood vessels and directly 
beneath the capsule.  In some of the more intact cells around the areas of necrosis 
cytoplasmic inclusions resembling Guarnieri bodies can be observed.  There is a 
heavy  infiltration  of  large  mononuclears  throughout  the  entire  organ.  Poly- 
morphonudear  leukocytes are very rare.  There are numerous  areas of diffuse 
hemorrhages into the parenchyma.  Edema of the organ is marked.  The blood 
vessd walls are thickened and a heavy infiltration of mononuclears surrounds them. 
Where no necrosis is present, the cells all show some degenerative changes in that 
their cytoplasm is granular and pale staining; the nuclei are often irregular in out- 
fine.  The process of necrosis reaches its height at the 72 hour stage.  The focal 
necrotic areas are quite extensive, the entire organ containing numerous loci of 
coagulated  cytoplasm and  nuclear  fragments.  Cytoplasmic inclusions  at  this 
stage are very difficult to find.  The mononuclear infiltration is quite extensive 
and occasional cells which have two or three nuclei with large cytoplasmic masses 
containing cellular debris are seen.  After the 72  hour stage there is a  gradual 
regeneration of the organ.  The necrotic loci become smaller.  Numerous mitotic 
figures  suggest  regeneration  of  the  parenchymal  cells.  Beyond  the  72  hour 
stage no evidence of cytoplasmic inclusions can be found.  In some instances the 
process leaves a few areas in which the tissues are not regenerated and prolifera- 
tion of fibrous tissue takes place.  These are mostly found directly beneath the 
capsule. 
Kidney.--In the gross the kidneys do not show anything remarkable during the 
entire course of the disease.  In a  few instances it is possible to note a  slight 
amount of swelling but  this is not definite enough  to be of any particular sig- 
nificance. 
Microscopically the kidney reveals the presence of very small areas of focal 
necrosis in the neighborhood of the blood vessels.  These areas are very small 
and can only be detected with the off immersion lens.  The necrotic process most 
often affects the interstitial connective tissues and a few of the cens in the neigh- 
boring convoluted tubules.  The cytoplasm of the cells is coagulated, the nuclei 
are pyknotic and them is a slight infiltration of large mononudears.  These areas 
are most common directly beneath the capsule and in the cortex.  In a few of the 
cells, cytoplasmic inclusions resembling Guarnieri bodies are present.  The  glo- 
mertdi have not been observed to be affected by the disease process.  The medullary 
portion does not seem to be affected.  These changes are all observed between 
the 48 and 96 hour stage.  Beyond this period the organ appears quite normal. 
The adrenals in a  few instances at the 72 hour stage show small necrotic loci 
in the cortex just beneath the capsule with round cell infiltration.  Small micro- 
scopic areas in the medulla also show necrosis of the cells.  No inclusions have 
been observed. 
He.art.--In the gross the heart presents no observable changes during the course 
of the disease. 
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collections of large mononuclears between  the muscle fibres.  Here the muscle 
cells are seen to have undergone a  coagulative necrosis; the nuclei are pyknotic 
and fragmented.  Microscopic loci in which there are collections of small num- 
bers of mononuclears with necrosis of the adjacent connective tissue cells are fre- 
quently observed in the endocardium and epicardium.  After the 96 hour stage 
these are no longer observed.  Definite evidence of inclusion bodies within  the 
muscle cells  could not be observed. 
In one case where a section of the abdominal aorta was obtained at the 72 hour 
stage a  focal area in which a  large number of mononuclears had collected with 
necrosis of the surrounding connective tissue and smooth muscle cells was present. 
Lung.--There are no macroscopically visible lesions in the lungs during the 
course of the  disease. 
Microscopically at 24 hours after inoculation several small foci can be found 
in which there is a  collection of large mononuclears without much evidence of 
cellular  involvement.  A  48 hours  these  areas  are of considerable size involving 
several alveoli.  The embryonic alveolar cells which at this period are still cuboidal 
have  undergone coagulative necrosis;  the  nuclei are pyknotic and fragmented. 
Occasional cytoplasmic inclusions can be found in some of the more intact cells. 
Numerous large mononuclears are present in these areas.  Polymorphonuclears 
are absent.  This process of focal necrosis is most advanced by 72 hours after which 
there is a rapid disappearance of these areas and beyond the 96 hour stage there 
is no further evidence of involvement of the lung.  No lesions have been observed 
in the bronchi or trachea. 
Ga~ro-Inte~tinal TracL--In the early stages of the disease up to 96 hours there 
are no gross evidences of involvement of the gastro-intestinal  tract.  From the 
4th to the 6th day numerous pin-head sized pocks can be found on the peritoneal 
surface of the stomach, large intestine  and the crop.  The parietal peritoneum 
also frequently contains isolated small white pocks. 
Microscopically there are at the 48 hour stage in the submucosa of the stomach 
and large intestine focal areas of round cell infiltration with necrosis of the adjacent 
connective tissue  and  smooth muscle  cells.  At the  72  hour stage  these  areas 
have enlarged and represent a  collection of cells which is composed of a  central 
area of coagulated necrotic material, surrounded by a heavy zone of mononuclear 
infiltration.  Within the muscular layer of the stomach these areas have not been 
observed beyond this stage, but when such an area is found in the submucosa or 
directly beneath the stomach capsule there is a  further development of a  frank 
pustule.  The mucosal layer becomes necrotic and the collection of necrotic cells 
is enlarged so that it pushes the epithelial layer of the crypts into the lumen of the 
stomach and forms the macroscopically observable pock.  The same process takes 
place under  the capsule.  The connective tissue cells  become necrotic, a  heavy 
infiltration of mononuclears takes place and the entire process appears to push 
its way out to the periphery beyond the surrounding surface forming a  definite 
pustule.  In the earlier stages of the lesion cytoplasmic inclusions can be found 
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have not been observed in the epithelial cells of the mucous layer.  Focal collec- 
tions of mononuclears with necrosis of the smooth muscle cells have also been 
frequently observed in the muscular and submucous layers of the small intestine 
in the earlier (48 to 96 hour) stages of the infection. 
Pancreas.--Several  sections of pancreas  were  obtained  but  no  definite evi- 
dence of involvement of this organ has been observed. 
Brain and  Spinal  Cord.--In  the gross no  evidence of involvement of  these 
organs could be observed. 
Numerous  microscopic sections have  shown  no  evidence of  involvement  of 
any of the nervous elements or supporting structure in either the brain, spinal 
cord or the spinal ganglia.  Beginning with the 48 hour stage there are, however, 
numerous focal areas of mononuclear infiltration within the meninges especially 
at the base of the brain.  These range in size from a  collection of a  few cells in 
the neighborhood of the blood vessels with subsequent necrosis of the connective 
tissue cells to large areas of infiltration affecting the meninges at the base of the 
brain.  There  is  marked  necrosis  of  the  connective  tissue  cells.  Numerous 
cytoplasmic inclusions can be observed in these cells during the 48  to 96 hour 
stages.  At  the  5th  and  6th  day  involvement  of  the  meninges  has  not  been 
observed.  No lesions have been observed in the meninges of the spinal cord. 
Bone Marrow and Periosteum.--Numerous  sections through  the bones of the 
skull, ribs, vertebral column, femur and feet were made.  It was observed that 
the same focal necrotic process affecting the other organs was also present in the 
bone marrow.  These foci are most marked during the 48  to 96 hour  stage of 
the infection.  They are first observed as small perivascular collections of mono- 
nuclears.  There is subsequent necrosis of the surrounding marrow cells so that 
by the 72 and 96 hour stage there are large areas of necrotic debris present through- 
out the marrow cavity.  In the 48  to 72  hour stage cytoplasmic inclusions can 
be observed in the more intact ceils.  They are not found later than the 72 hour 
stage.  Beyond the 96 hour stage the bone marrow gradually takes on a  more 
normal appearance and  by  the  6th  day no  evidences of infection are  present. 
Throughout the entire course of the disease there is marked involvement of the 
periosteal tissues.  As early as 24 hours, perivascular collections of large mono- 
nuclears can be found in numerous areas.  These rapidly enlarge, necrosis of the 
connective tissue sets in and in many instances the process becomes so widespread 
that the entire periosteum of a femur becomes involved.  There is here especially 
a very heavy infiltration of large mononuclears which causes an extreme thicken- 
ing of the periosteum.  The centers of these areas are made up of necrotic cells 
and cellular debris.  In the 48 to 72 hour stages, numerous cytoplasmic inclusions 
are found in the connective tissue cells.  In the stages beyond 96 hours,  the ne- 
crotic areas disappear.  An extreme thickening of the periosteum persists due to 
the proliferation in these areas of new connective tissue.  This periosteal involve- 
ment  is  very striking and  is present  throughout  the  entire  organism.  Every 
section studied which contained bone structures showed evidence of involvement 
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Synorial  Membranes.--Several  sections were obtained at the 72 and 96 hour 
stages from the  joints.  It was  found that  there  is  in most instances  extreme 
involvement of the synovial surfaces by the infection.  There is  a  very heavy 
mononuclear infiltration with necrosis at the center of these loci.  Inclusions can 
be demonstrated in the cytoplasm of the connective tissue cells  at  the 72 hour 
stage.  In later stages these areas are replaced by connective tissue which results 
in marked narrowing of the joint space and thickening of the synovial membrane. 
Mucosae.--In the later stages of the infection, from 96 hours onward, numerous 
white pin-head sized pocks can be observed on the tongue, the mucous membranes 
of the mouth and the pharynx.  By the 6th and 7th day these pocks are soft and 
definitely pustular. 
Microscopically there is early evidence of involvement in the submucous layers 
of these structures.  At 48 hours there are numerous perivascular collections of 
large round mononuclears.  By 72 hours these aggregations have enlarged con- 
siderably, there is necrosis of the connective tissue cells and proliferation of the 
overlying squamous epithelium is taking place.  In a few of the basal cells of the 
squamous  epithelium  small  Guarnieri  bodies  can  be  discerned  at  this  stage. 
These  cells  are  swollen  and  have  a  pale  staining  vacuolated  cytoplasm.  The 
inclusions  are usually in close proximity to the nucleus.  At 96 hours definite 
necrosis of the squamous cells overlying these areas has set in.  The cytoplasm 
is coagulated, and takes a deep red stain; the nuclei are pyknotic and fragmented. 
At the periphery of these areas of necrosis numerous inclusion bodies ranging from 
very fine granules to almost half the size of the nucleus are observable. 
They usually are found in close proximity to the nucleus and are surrounded 
by a clear zone.  The process is quite extensive, involving large areas of the sub- 
mucous and mucous layers.  Mononuclear infiltration  is very heavy; polymor- 
phonuclears are very rare.  The entire squamous layer over these areas is elevated 
and  necrotic, having the  typical structure  of a  pustule.  Along the advancing 
edges of the lesion many of the cells contain large cytoplasmic inclusions typical 
of Guarnieri bodies.  The further stages of the lesion are those of frank pustula- 
tion.  The centers of the pocks form an amorphous plug of necrotic debris which 
liquefies;  more of the overlying squamous cells become necrotic, and the pustular 
contents eventually appear to be discharged into the lumen of the pharynx.  The 
marked involvement of the submucous and mucous layer of the buccal cavity and 
the pharynx was one of the most striking observations in this study. 
Skin.--Gross  evidence  of involvement of the skin  does not appear until  96 
hours to 5 days after inoculation.  At this time a pock-like eruption can be ob- 
served over the legs, back, breast, abdomen, head, around the bill and on the inner 
surfaces of the toes and soles of the feet.  At their first appearance they are very 
small subcutaneous nodules which gradually increase in size until they are elevated 
above the skin.  By the 6th day they contain soft necrotic centers which by the 
7th day are frankly pustular.  The pock-like eruption appears in one simultaneous 
crop, no subsequent crops of pocks developing. 
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24 hours after the infection.  These appear as small perivascular collections of 
large mononuclears about the small arterioles and venules in  the corium.  By 
48 hours the number of mononuclears has increased and they are seen to extend 
to the basal layer of the epithelium.  An occasional  cytoplasmic inclusion  can be 
seen at this time.  It is clearly seen in this area that many of the mononuclear 
cells proliferate in situ; mitotic figures are especially numerous.  At the 72 hour 
stage there is beginning proliferation of the epithelial cells over the focal areas 
of mononuclear  infiltration.  Necrosis  of  the  connective  tissue  of  the  corium 
in these areas is marked.  In many of the basal cells of the epithelium numerous 
inclusions  resembling Guarnieri bodies are present in the cells at the periphery 
of the affected area.  In the center of the area the epithelial cells have undergone 
coagulative necrosis  and numerous large mononuclears have wandered in.  By 
96  hours  a  definite pock formation has  taken  place.  The entire  central  area 
becomes necrotic; the outer layers of the epithelial cells are still intact but are 
elevated above the  surrounding  skin.  The process in  the  skin  advances with 
complete necrosis of the center of the area.  On the 5th  and  6th day formation 
of a vesicle-like structure under the outer layer of epithelial cells appears.  At the 
7th day the outer cap of epithelial cells has become necrotic and most of the pocks 
in the skin appear to be sloughing  away.  Around the periphery of the lesion  in 
the corinm proliferation of fibroblasts occurs,  and the edges of the epithelium at 
the periphery of the lesion show evidences of regeneration. 
Membranal  Lesion.--These lesions  have been adequately  described  in  other 
reports and will not be discussed in this paper as they do not belong to the embryo 
proper. 
Presence of Paschen Corpuscles 
Smears from the lesions of the different organs stained by the Moro- 
sow technique and Victoria blue after Herzberg (9) did not conclusively 
reveal the presence of Paschen bodies.  There  are  too many other 
granules present in such preparations to make the detection of these 
bodies absolutely conclusive. 
DISCUSSION 
An analysis of the findings of these experiments leads to a few obser- 
vations as to the behavior of vaccine virus when generalized through- 
out the  organism.  A  local lesion is produced  in  the  chorio-allantoic 
membrane.  From this  site the  virus is disseminated,  apparently by 
way  of  the  blood  stream,  to  various  organs  of  the  embryo.  The 
rough  quantitative  estimation of the  amount of virus in  the  various 
organs  at  the  end  of  72  hours  shows  that  the  virus  is  not  equally 
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spleen and bone marrow.  Offhand, this would be expected since these 
organs are considered to have a distinct capacity for taking up foreign 
material from the blood stream.  However, the histological study also 
shows that there are in the cells of these organs indications of a marked 
proliferation of the virus.  These types of cells evidently offer a more 
suitable environment for the growth of the virus than do the cells of 
other organs, for example the central nervous system and the kidney. 
In another report (10) we have described the special  predilection 
of the dermal virus for the epithelial cells of the ectodermal  layer in the 
membranal lesion.  When the virus is disseminated from this focus 
by way of the blood stream it appears that throughout the organism 
the cells of mesodermal  origin are highly susceptible to the action of the 
virus.  The initial lesion  is always found to  be in and around the 
smaller vessels  and capillaries.  In this phenomenon it must not be 
overlooked that the mechanical effect produced by the slowing of the 
blood stream in these areas may be responsible,  to a large extent, for 
the lodging of the virus in these areas. 
It  does not appear,  however, that  the vascular endothelium and 
perivascular structures are most favorable for the proliferation of the 
virus.  The actual presence of inclusions,  or widespread destruction 
of these tissues cannot be observed.  The further proliferation of the 
virus depends upon the suitability of the cells in the environment of 
these initial loci.  Thus in the liver, the bone marrow and the epithe- 
lial structures of the skin and mucosa a rich proliferation of the virus 
takes place in the cells of these organs.  Tissues like the brain and 
glandular structures are evidently  unsuited to the growth requirements 
of the virus. 
It is also observed that a definite time element is indicated for the 
proliferation of the virus in the different tissue cells and the self limit- 
ing nature of the disease process is quite manifest.  The presence of 
inclusion bodies within the cells may be taken as indicative of the 
proliferation of the virus.  It appears to be of some significance that 
in all the organs where inclusion bodies are present they occur almost 
simultaneously and disappear rather suddenly from all the cells in 
which they are found after 96 hours following inoculation. 
Pathologically the entire process is one of focal cellular proliferation 
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host to the virus of vaccinia is quite clearly shown.  Since no other 
contaminating organisms are present to complicate the picture we have 
here a response to the pure virus infection.  The reaction in the chick 
embryo is predominantly a  mononuclear one and the impression is 
gained from our observations that these cells proliferate in  situ and 
represent the mononuclears of the reticulo-endothelial system.  These 
cells appear to be very active, and numerous mitotic figures are seen in 
them.  Actual invasion of these cells by the virus indicated by in- 
clusion bodies is  not observed.  Furthermore the  absence of poly- 
morphonuclear reaction is quite striking.  This purely mononuclear 
response to a pure vaccinal infection has also been noted by Lillie and 
Armstrong (4). 
The close analogy of generalized vaccinia produced in this manner 
to  human variola is  quite apparent.  The lesions which have been 
described for the chick embryo closely correspond to those described 
by numerous students of human variola.  The general distribution 
and the type of tissues affected are much the same as is also the focal 
character of the lesions. 
In human variola the virus also apparently is disseminated from an 
original primary focus of infection, presumably the upper respiratory 
tract.  While this analogy holds to some extent in the disease produced 
in the chick embryo it cannot be held to too strictly.  Quantitatively 
the amount of inoculum used in this experiment is relatively much 
greater  than  may be  presumed for  the  spontaneous disease  in  the 
human being.  In the human being it is most likely that the dissemi- 
nation of the virus depends entirely on its proliferation in its primary 
focus.  In the chick embryo we cannot exclude the extreme likelihood 
of a sufficient quantity of virus reaching the blood stream direct from 
the inoculum very soon after inoculation.  In this manner the almost 
simultaneous development of the disease process in  the membrane 
and throughout the chick organism might be accounted for. 
We have not, however, at any time observed in the vaccinal disease 
of the embryo, intranuclear inclusions described by some investigators 
in human variola. 
We have, in this report, briefly described the salient features of the 
generalized disease produced in  the chick embryo when inoculated 
by the chorio-allantoic route with a  dermal strain of vaccine virus. 
A study of the more minute details of the pathogenesis of the disease G.  J.  BUDDINGH  239 
has not been undertaken and warrants further investigation by more 
refined methods of differential staining.  The value of the chick em- 
bryo method of studying the pathogenesls of virus diseases is apparent 
and we present this work as a  new approach to  the study of virus 
diseases generally. 
SUM-MARY 
1.  Chick  embryos infected by  the  chorio-allantoic  route  with  a 
bacteria-free strain of vaccinia virus develop a  general dissemination 
of the virus throughout the entire organism with the exception of the 
central nervous system. 
2.  Quantitative  estimation of the distribution  of the virus in the 
various organs of the infected chick by cutaneous inoculation on the 
rabbit skin offers no evidence for a heightened affinity of the virus for 
special tissues. 
3.  Histological study of the lesions in the various organs demon- 
strates the focal character of the lesions which apparently originate as 
perivascular infiltrations around the smaller blood vessels.  No lesions 
could be demonstrated in the central nervous system proper. 
4.  In the earlier stages of the disease Guarnieri bodies are clearly 
demonstrable in the cells of the epidermis and the squamous epithe- 
lium  of  the  buccal  mucosa.  Inclusion  bodies  closely  resembling 
Guarnieri bodies are demonstrated in all the lesions occurring in the 
various other organs. 
5.  It was not possible to demonstrate conclusively the presence of 
Paschen bodies in the lesions of the internal organs by the Morosow 
method usually used  for  the demonstration of  these  bodies  in  the 
membranal lesion. 
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EXPLANATION OF PLATES 
PLATE 17 
FIGS. 1 and 2.  Photographs of a 20 day old chick embryo showing pustular 
eruption of the skin  7 days after inoculation  with vaccinia  virus  on the chorio- 
allantoic  membrane.  Approximately  actual size. 
PLATE 18 
F~o. 3.  Photograph of the liver from a  17 day old chick embryo infected with 
vaccinia by inoculation of the chorio-allantoic membrane  (72 hour infection).  A 
normal liver from a chick embryo of the same age on the left. 
FIG. 4.  Section through a cutaneous vaccinal lesion in the chick embryo show- 
ing  inclusion  bodies  in  the  epithelial  cells (96  hour  infection).  Hematoxylin 
and eosin stain.  X 1800. 
FIG. 5.  Section  through the liver  showing inclusion bodies  in  the liver  ceils 
(72 hour infection).  Hematoxylin and eosin stain.  X 1800. 
FIG. 6.  Section through a lesion in the skin showing mononuclear  infiltration 
in the corium and proliferation  of the overlying epithelial  cells (96 hour lesion). 
Hematoxylin and eosin stain.  X 100. 
FIG, 7.  Section through a lesion in the skin showing proliferation  of epithelial 
cells and necrosis in the center  (5  day lesions).  Hematoxylin and eosln stain. 
X 150. 
FIG. 8.  Section through a pustule  in the skin showing liquefaction  of necrotic 
cells in the center and hyperplasia  of the epithelial  cells at the edge of the lesion 
(7 day lesion).  Hematoxylin and eosin stain.  X 100. 
PLATE 19 
FIG. 9.  Section through the brain and meninges showing involvement of the 
meninges by mononuclear  infiltration  (96 hour lesion).  Hematoxylin and eosin 
stain.  ×  150. 
FIG. 10.  Section through the knee joint showing involvement  of the synovial 
membranes  (96 hour lesion).  Hematoxylin and eosin stain.  X 150. 
FIG. 11.  Section  through  the  stomach  wall  showing  a  focal  area  of mono- 
nuclear infiltration  under the visceral peritoneum (72 hour lesion).  Hematoxylin 
and eosin stain.  ×  100. 
FIG. 12.  Section through the stomach showing an area of focal necrosis in the 
smooth muscle  layer  (96 hour lesion).  Hematoxylin and eosin stain.  X 250. 
FIG. 13.  Section  through  the bone marrow  showing  areas  of focal  necrosis 
(96 hour lesion).  Hematoxylin and eosin stain.  X 250. 
FIG. 14.  Section through the liver showing hyperplssia  of the bile duct epithe- 
lium (96 hour lesion).  Hematoxylin  and eosin stain.  X 250. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 63  PLATE 17 
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